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NOVEL {3^SECRETASE AND MODULATION OF (VSECRETASE ACTIVITY 

Field of the Invention 

The present invention concerns a novel p-secreta$er a method of partially purifying this novel P- 
secretase. and its use in assays to screen for potential drug candidates against Alzheimer's disease and oiher 
neurological diseases. 

Description of the Related Aft 

A number of nnportant neurological diseases, including Akheimer's disease fAOK cerebral amyloid 
angiopathy (CAA), and prion tnediated dissasss are characterized by the deposition of aggregated proteins, referred to 
amyloid, in the central nervous system [CNS] {for reviews, see Glenner 3^., X NauroL ScL 94:1-28 [1989L* Kaan ft 
aL CSn. Neurof, hiemsurg. 92(4}:305-3t0 [1990D. These highly insoluble aggregates are composed of nonbranching, 
fibrillar proteins with the common charsct eristic of p-pleated sheet conformation. In the CNS, amyloid can be present 
in cerebral and meningeal blood vessels (cerebrovascular deposits) and in the brain parenchyma (plaques). 
Meuropathologtcal studies in human and animal models indicate that cells proximal to amyloid deposits are disturbed in 
their normal functions (Mandybur, Acta Nempsthol 78:329-331 (19891; Kawai Bt at.. Brain Res, 623:142-146 
11993t Martin etaL Am. / Pathol. 145:1348-1381 11994): Kalaria *; at l^umreport 5:477-480 11995t Masfiah at 
aK J- NeuroscL 16:5795-5811 119961 Seftoe. J. Biol, Chem, 271: 18295- 18 298 (19961; Hardy, Tmt^s Nemsd 
20:154-159 (1997a 

AO and CAA sbare biochemical and neuropathologtcat markers, but differ somewhat in the extent and 
location of amyloid deposits as well as in the symptoms exhibited by affected individuals. The neurodegenerative 
process of AO, the most common neurodegenerative disorder worldwide, is characterized by the progressive and 
irreversible deafferentation of the limbic system, assodatien neocortex, and basal forebratn accompanied by neuritic 
plaque and tangle formation (for a review, see Terry at aK, 'Structural alteration in Alzheimer's disease," In: 
Alzhetmer's disease, Terry et at. Eds., 1994, pp. 179-196, Raven Press, New VorIc). Dystrophic neurites, as wet) as 
reactive astocytes and mtcroglia, are assodated with these amyloid- associated neuritic plaques. Although the neuritic 
population in any giveci plaques is mixed, the plaques generally are composed of spherical neurites that contain 
synaptic proteins, AfP (type I), and fusiform neurites containing cytosketetal proteins and paired helical filaments 
(PHF; type 111 

CAA patients display various vascular syndromes, of which the most documented is cerebral 

parenchymal hemorrhage. Cerebral parenchymal hemorrhage is the result of extensive amyloid deposition within 

cerebral vessels (Hardy. Jremis Neurosci 20: 1 54-1 59 II 3971: Haan et aL Clin, Nemoi. Neurosurg. 92:305-31 0 (1 9901: 

Terry et j/., supra: Vinters, Stmke 18:211-224 (1 987k Itoh at sL J. Neurosurgical Set 1 1 6:135-141 11993); Yamida 

etaL J. Neurol. Nermsurg. hychbtry 56:543-547 (1 993); Greentjeig et a/, Nmrvfog^ 43:2073-2079 (19931 levy et 

-1- 
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Science 248:1124-1126 {19900. In some famtlisl CAA cases, dementia was noted before the onset ot 
hemorrhages, suggesting the possibilitY that cerebrovascular amyloid deposits may also interfere with cognitive 
functions. 

Both AD and CAA are characterized by the accumulation of senile plaques in the brains of the affected 
individuals. The matrt amyloid components is the amyloid p protein (Ap). also referred to as amyloid (3 or p^amyloid 
peptide, derived from proteolytic processing of the p-amyloid precursor protein, P-APP or simply APP. For review in 
connaction with AD see, Seikoe. DJ. Nams 399: A23-A31 (1999). Ap is produced by proteolytic cleavage of an 
integral membrane protein, termed the p-amyloid precursor protein (pAPP). 

The Ap peptide, which Is generated from APP by two putative secretases. is present at low levels in the 
normal CNS and blood. Two major vanants, Api4s and Apt 43 ate produced by alternative carboxy-terminal truncation 
of APP tSelkoa et aL (1988) Froc, Nat!, Acad. Set. USA 85:7341-7345: Selkoe 11993) Trends Neurosci 16:403-409). 
Api42 fibrillogenic and more abundant of the two peptides in amyloid deposits of both AO and CAA. In 

addition to the amyloid deposits in AO cases desaioed above, most AD cases are also associated with amyloid 
deposition in the vascular walls (Hardy (1997), suprs; Haan et aL (1990), suprr, Terry et aU suprar, Vinters (1987). 
supn; Itoh, et al. (1 993), suprar, Yamada et aL (1 993); suprar, Greenberg et al. (1993), supra; Levy et aL (1 990), supra). 
These vascular lesions are the hallmarit of CAA, which can exist io the absence of AO. 

The precise mechanisms by which neuritic plaques are formed and the relationship of plaque formation to 
the AO-associated, and CAA associated neurodegenerative processes are not weR defined. However, evidence 
indicates that dysregulated exprission and/or processing of APP gene products or derivatives of these gene products 
are involved in the pathophysiological process leading to neurodegeneration and plaque formation. For example, 
missense mutations in APP are tightly linked 10 autosomal dominant forms of AD (Hardy (1994) Cfm. Geriatr. Mad. 
10:239-247; Mann et aL (1992) Neurodegeneration 1:201-215). The role of APP In neurodegenerative diseases is 
further impUcated by the observation that persons with Down's syndrome who carry an additional copy of the human 
APP (hAPP) gene on their third chromosomi 21 show an overexpression of hAPP (Goodison et al. (1993) J. 
Neuropatboi. Exp. Neurol. 52:192-198; Oyama, et aL (1994)7. Neurochem. 62:1062-1066) as well as a prominent 
tendency to develop AD-type pathology early in life (Wtsniewski et aL (1985) Aan. Neurol. 17:278-282). Mutations in 
Ap are linked to CAA associated with k^editary cerebral hemorrhage with amyloidosis (Dutch HCHWA) (Levy, et a). 
(1990). supra), in which amyloid deposits preferentially occur ia the cerebrovascular wall with some occurrence of 
dilfuse plaques (Maat-Schieman it aL (1994) Acta NeuropathoL 88:371-6: Wartendorff et aL (1995) J. Neurol, 
lileurosurg. Psychiatry 5B:699-705). A number of hAPP point mutations that are tightly associated with the 
development of familial AD encode amino acid changes close to either side of the Ap peptide (for a review, see, e.g.. 
lannfett it aL (1994) Birxkem. Soc. Trans. 22:175-179; Clark et aL [\m)Arch. Neurol. 50:1164-11721 Rnaly, m 
vitro studies indicate that aggregated Ap can induce neurodegeneration (see, e.g.. Pike et al. (1995) J. Neurocftem, 
54:253-265). 
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APP is a ghfcosflatedL single-membi ana-spanning protein ei pressed in a wide variety of ceDs in many 
mamma!i3i» tissues. Examples of spcciltc isotypes of APP whicli are turrenily known to exist in humans are the 695- 
amino acid polypeptide descrOied by Kang «f *Z (1987) Nsturt 325:733-736, which is designated as the -norroaT 
APP, A 75Vamino acid polypeptide bas been described by ?mtetaf. (19881 Ngtun 331:525-527 and Tanzi 9t at 
11388) /Vjfi/Aff 331:528 530. A 770-amino acid isotype of APP is descried in Kitagochi et at (1 988) JVarure 331:530- 
53Z A number of specific variaflti of APP have also bear described having mutations which can differ in both position 
and phenotype. A general review of such mutatiou is pivoted in Hardy (1992) Matvra Genat 1:233-235. A mutation 
of particular interest is designated the 'Swedish* mutaiion where the normal Lys-Met residues at positions 595 and 
596 are replaced by Asn-Leu. This mutation is located directly upstream of the normal p-secrctase cleavage site of 
APP, which occurs between residues 596 and 597 of tha 695 isotype. 

APP is post translationally processed by several proteolytic' pathways resulting in the secretion of 
various fragments or intraceDuIa fragmcnlation and degradatifln. P. Cheder, J. Neurochem. 65:143MM4 (1995). 
The combined acthrity of p-secretase and y-secretase on APP releases an intact p-amylold peptide (Apt which is a 
major constituent of amyloid plaques. Ap is an approximately 43 amino acid peptide which comprises residues 537- 
S40 of the 695 amino acid isotype of APP. Internal cleavage of Ap by a a-secretase inhibits the release of lha fun- 
length Ap peptide Although the extent of pathi^enic invohrement of the secretases in AO progression is not fully 
elucidated, these proteolytic events are known to either promote or inhibit Ap formation, and thus are thought to be 
good therapeutic candidates for AO. 

There are at least two proteases involved in the generation of Ap, referred to as p- and y-secretases 
(Citron ttaL Nauron 17:171-179 (1996t Seubert atal, Natwa 361:260-263 (1993t Cai at a/., Smnca 259:514-515 
I1993t and Citron at a/, Niurott 14:661-670 [19951). There have been intense efforts in recent years to identify and 
characterize these enzymes. Recently five independent groups have reported ctoning and characterization of genes 
corresponding to P-secretase (Vassar at aL Science 286: 735-741 (19991; Van et at.. Nature 402: 533-537 11999L* 
Sinha et aL datura 402: 537-540 |193St Hussain at a/. Mot. Celt. NeuroscL 14: 419-427 (19991; Un et al Proe. 
NatL Acad, Set, USA 97: 1456-1460 120001). The enzyme has been variously referred to as P-site APP-cleavtng 
enzyme (BACEL Aspartyl prDtease-2 (Asp2). memapsin 2 or simply as (3-seaetase. However, the deduced amino acid 
sequence of the polypeptide chain reported by aD tour groups is identical. The cloned enzyme possesses many of the 
characteristics expected of an authentic p-secretase, such as the presence of conserved aspartyl protease active site 
motif tDISrnO, a signal peptide, a transmembrane domain, ability to act upon pAPP. enhanced cleavage of the 
Sweifisb mutant of pAPP, and intracellular tocaBzation in Golgi. endoplasmic reticulum, endosome/lysosome 
compartmsntt. Thux it appears that the newly identified enzyme represents an authentic P-secretase. However, none 
of these reports rule out the possibility of adcfitional enzymes having p-secretase activities. There have been 
speculations about the possible involvement of more than one enzyme entity in p- cleavage of APP (e.g.. Papasioitsis et 
aL Bhchun. 33: 192-199 (1994t Koike et il. J. Biochem, 126: 235-242 |1999t Brown et al. / Neurochem. 66: 
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2436-2445 [1996J: Chevallier el al. Brain ftes. 750: 1M9 (199711. Experimentj with intact ceUj suoBMted that 
jecretase has an acidic pH optimum (Haass « J. Biof, Cbim. 268: 3021 (19931: Knopj et aL J. 8bl, Chem. 270: 
2419 (19951). Indeed, the newly botated and characteraed P-secretase was found to have a pH opiimum at 4.5 
(Vassar etal.. Science 288: 735-741 11999D or 5.0 {Sinha etaL, Nature 402: 537-540 11999]) (or its activitY. These 
characteristicj are thought to be consistent with P-secretase activity in the efidosomes/Iysosonies whers the pH is 
low. However, P-secretase is also known to function in the endopiasmic reticulum where the pH is neutral (around 
7.01. an environment not wed suited for an enzyme having an acidic pH optmua It is, therefore, passible that there 
are inore than one p-secietase en/ymes involved in the proteolytic cleavage of p-APP. 

The identiftcatiort, isolation, purification, and characterization of all participants in the enzymatic 
cleavage of p-APP would pernui chemical modeling of a critical event in the pathology of Alzheimer's disease and 
would alow the screening of compounds to determine their ability to inhibit in vivo p-secretasa activity. For these 
reasons, it would be desirable to isolate, clone and characterize a P-secr8ta$e enzyme having a neutral pH preference. 
It would be also desirable to develop a method for the functional doning of the genes encoding proteins or enzymes 
involved in the proteolytic deavage of P-APP. It would further be desirable to identify inhibitors of the p-APP 
processing leading to AP release, and in pwticular to identify molecules that preferentially inhibit the P-secretaso 
activity having a neutral (pH 6.5-7.01 pH optimum, or the P-secreiase activity having an acidic (around pH 4.5) pH 
optimum. 

Sommarv of the Invention 

The present invention is based on the recognition that more than one distinct enzymatic activities. 
substantisBy differing in their physicochemical and biological properties, may be involved in p-cleavage of APP, a 
critical event in the generation of the Ap peptide. 01 panicular significance is a distinct difference in pH optima of 
these P-secretase activities. WhBe a recently reponed p-secretase enzyme is optimally actwe at addle pH (pH 4.5- 
5.5), the novel P-secretase enzyme identified herein has a neutral (pH 6.5-7.0) pH optimum. 

In one aspect the present invention provides a method of identifying a compound characterized by an 
ability to alter p-secretase activity. The method comprises the steps of contacting a p-seaetase enzyme having a pH 
optinum at about pH 6.5*7.0, and an estimated molecular weight of about 32-39 kDa as calculated from radiation 
inactivatlon analysts of HEIC293 cefl membrane extracts, or about 20-26 kDa . as calculated from radiation inactivation 
analysts if human brain samples, with a candidate compoimd; and monitoring the effect of the candidate compouod on 
the activity of the p^secretase eozyme. 

In a specific embodiment, the p-secretase enzyme is contacted with the candidate compound m the 
presence of a p-amyloid precursor protein (APP). APP preferab^ is the ftuman 695-amino acid isotype, and may 
contain the so called 'Swedish' mutatioa located directly upstream of the nomial p-secretase cleavage site of APP. 
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The P-secret3$e enzyme used in the 3ss3y fnsy bs in isot3ted, inuDobHiTed or cdl bound form, snd ths ssssy is 
profer abty » performed whh a plurality of candidate compounds. 

tn a particular embodimeRt. the ability of a candidate compaund to alter p-secretase activity is monitored 
by detarrrining the arrtount of an APP proteolytic product, such as fVlTF. 

In another specific embodrnent the p-secretase enayme having a quasi-neutral pH pieferencs is 
contacted with the candidate conipound(s) in the additional presence of a further ^secretase enzyme having a pH 
optimum si about pH 4.5 5.0 and an estimated molecular weight of about 50-60 ItDa as calculated from radiation 
inactivation analysis of HEK293 eel) membrane eitracts or human brain samples^ 

The assay is preferably used to identify. inhibitors of {i-secretase activity. A preferred group of such 
inhibhors preferentially inhibits the activity of the p-secretase enzyme having a pH optimum at about pH 6.5-7.0. 

In another aspect the invention concerns a method (or identifying a CDmpound characteriied by an ability 
to alter APP/p-sacretase acthrity. The method comprises the steps of: contacting an APP/3*seoetase mixture, 
isolated Irom mBmbranes obtained from ceBs expressing APP and a p-secretase, with a candidate compound; aruf 
monitoring the effect of the candidate compovnd on p-secretase activity^ wherein the APP;p>secretase mixture 
cooiprises i P-secretasa eiuyme having a pH optimum at about pH 6.&7.0. tn a preferred embodiment, the p- secrets se 
enzyme has an estmiated molecular weight of about 32-39 kDa or 20-26 kDa in HEK293 cell membrane extract and 
bwnan brain samples, respectrvefy, as calculated from radiation inactivation analysis. The method may be performed in 
the additional presence of a second p-secrstase enzyme having a pH optimum at about 4.5-5. and an estimated 
molecular weight of about 50-60 kDa as calculated from radiation inactivation analysis of HEK293 ceO membrane 
extracts or human brain samples. Also provided are inhibitors of p secretase enzyme activity, identified by the 
aforementioned method, whicK in a preferred embodiment, preferentially inhibit the activity of the first or the second 
P-secretase enzyme. 

Id a particular embodiment, the method involves monitoring the effect of a test compound on p^secretase 
acthrity by determining levels of APP proteolytic products, particularly after removing the background levels of APP 
proteolytic products. The levels of APP proteolytic products can, for example, be determined using an antibody that 
recognizes a p^secretase produced APP proteolytic product. Thus, an antibody that selectively recognizes p-NTF, such 
as pAb AF-20. may be used for the purpose. In a variant of this method, the APP/p-secretase mixture ts exposedL 
before edditioo of the test compouni to an agent that alters p-secretase activity or stabi&zes the detectable p- 
secTetas^produced APP proteolytie products. In a preferred embodtment, the agent enhances the tavel of p-secretase 
activity. Suitable agents tnchide phosphoEptds, such as csrdioltpin, L a-phosphatidylserine or l-a phosphatidyiinositoL 

In yet another aspect, the present invention provides a method of identifying a compound characterized 
by the abiGty to alter APP p-seaetase acthrity. The method comprises the steps ofc providing membranes from calls 
expressing APP and a p-secretase; removing background levels of APP p-secretase proteolytic products from the 
membranes: isolating AFP/p-secretase mixtures from the membranes; contacting the APP/p-secretase mixtures with a 
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test compound; and detemiinmo levels of APP (Vsecretase proteolytic producu: wherein thB APP/(5-$ecreta$e mixture 
comprtses a P-secretase enzYme having a pH optiroum at about pH 6.5-7.0, and the level of APP proteolytic products is 
indic3t'rv9 of the effect of the compound oa at vivo |>secretasf! activity. Inhibitors of P-seaetase enzyme activity 
idsntified by the method are also within the scope of thi invention. In a ptfiferred embodiment the p-secretase enTyme 
has an estimated molecular weight of about 32-39 kDa or 20-26 ItDa in HEK293 ceO membrane eitract and human 
brain samples, respectivety, as calculated from radiation tnactivatjon analysis. Optionally, the method is performed in 
the presence of a second ^secretase enzyme having a pH optimum at about 4.5-5.0. In a preferred embodiment, the 
second p-secretase enzyme has an estimated molecutar weight of about 50-60 kOa as calculated from radiation 
inacttvation analysis of HEK233 cell membrane extracts or human brain samples. Also provided are inhibitors of p- 
secretase enzyme activity, idantified by the aForemsntioned method, which in a preferred embodimeot, preferentiatty 
inhibit tha activity of the first or the second p-secretas? cniyme. 

The effect of the candidate compound may be determined, for example, relative to a control APP/p- 
secretasB mixture which is not in contact with the compound. In a specific embodiment, the APP/[)-secretase mixture 
is pretreated so as to alter, particularty to enhance, p-secretase activity. A phospholipid such as cardiolipin, l-a- 
phosphatidyberins or L-a-phosphatidylinositsI may, for example, be used for this purpose. 

In a different aspect the present inveotioo provides a method for reducing p-amyloid plaque formation in 
a subject, comprising administering a compound determined to inhibit p-secretase activity by a method of the 
inventioa in ao amount sufficient to reduce in vivo APP p-secretase activity. Inhibition may result in decreased levels 
of K-terminal proteotysts of APP which is reflected in reduced release of p-amyloid peptide in brain tissue. In a 
preferred embodiment the level of p-secietase activity is reduced to 30- 80% below normal, and/or tha level of p- 
amyloid release ts reduced to 20-80% of normal The compound may preferentially inhibit the activity of a P-secretasa 
enzyme having a pH optimum at about pH 6.5-7.0 or a p secratasi enzyme having a pH optimum at about pH 4.5-5.0. 
In a preferred embodiment the subject is a mammal, preferably a human particularly suffering from or predisposed to 
or prone to neurodegenerative disorders such as Atzheimer's disease oi cerebral amyloid angiopathy. 

In a still further aspect the present invention concerns an isolated P-secretase enzyme having a pH 
optimum at about pH 6.5-7.0, and an estimated molecular weight of about 32-33 kOa as calculated from radiation 
macttvatioD analysis of HEK293 celt membrane extracts, oi about 20-26 kOa as calculated from radiation inactivaiion 
analysis of human brain samples. 

In another aspect the invention concerns an APP/p-secretase mixture comprising a p-secretase enzyme 
having a pH optsnum at about pH 6.5-7.0, and an estimated molecular weight of about 32-39 kDa ir 20-26 kDa as 
calculated from rai&ation tnactivatton analysis of HEK293 ceD membrone extracts end human bra'oi samples, 
respectively. The mixture may f urthei comprise a P-secretase enzyme hiving a pH optimum at about pH 4.5*5.0 and an 
estimated molecular weight of about 50-60 kOa as calculated from radiation inactivation analysis of HEK293 cell 
membrane extracts or human brain samples. 
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Brief Description of the Drawinot 

Rgiffs 1 is a schematic diagraro ilustrating the method of detectino p-secietase activity using an EltSA. 
Rgure 2 is a graph showing Boear response of endogenous ^-secretase cleavage product, pNTF, in tha 

assay. 

Rgure 3 shows endogenous p-secretase activity as a function of incubation time. 

RgufB 4 tBustrates tho affect of cardiofipio and thi inhibition of pseaatase activity by the serina 
protease inhibitor, AEBSF (Pefablocli Rg. 4A shows thi differences in measured ^secretase activity, while Rg. 4B 
shows the percentage inhbition of p-sstretase acthrity. 

Rgure 5 shows chromatographic separation of the APP751sw substrate and the endogenous p-secretase 
activity on Mono 0 colunio. 

Rgura 6 shows pH prolili of P-secretase activity in enzyme/substrata complex (A) or in partially purified 
fraction obtained from mono 0 column and reconstituted with APP (B). 

Rgura 7 shows ehition profiles of p-seaetass activities measured at pH 4.5 and 6,5. 

Rgure 8 shows the effect of the addition of purified recombinant BACE or partially purified p-sacretase 
(as described in Example 7) on p-secretase activity present m APP/p secretase complex {as described in Example 6) 
monitored at pH 4.5 and pH 6L5. 

Rgure 9 shows the effect o1 StatVal inhibitor on p-secretase activity monitored at pH 6.5 (A) or pH 4.5 

Figure 10 shows the effect of StatVat inhtltitor on p-secretase activity at pH 4.5 and pH 6.5. 

Ftgitre 1 1 shows detenninatbn of molecular weight of a protein responsible for p-secretase activity at 
pH 4.0 (Al and at pH 7.0 (Bl in HEK293 celt membrane ei tract by radiation inactivation analysis. 

Figure 12 shows determination of molecular weight of a protein responsible for psecretase activity at 
pH 7.0 (A) and at pH 4.0 (6) in human brain extract by radiation inactivation analysis. 

Detailed Dgscription of Preferred Embodiments 

The present invention discloses a novel enymatic actnity that prefers a quasi-neutral (pH 6.5-7.0) 
environinent for proteotysis of pAPP substrate. This activity will bo shortly referred to as 'neutraf or 'pH 6.5' p- 
secretase activity. The present invention further discloses a method of partial purification of this novel p-secretase 
activity, and its separation from the earlier reported p-secretase activity that is optimally active at acidic pH (pH 4.5- 
5.5), also referred tO as 'aciific" or "pH 4.5* activity. 

The invention also discloses various ways of distinguishing between the two activities. For example, 
insensitivity of the neutral p-secretase activity to StatVal inhibitor sots it apart from the acidic pH-dependent p- 
secretase that is inhibited by this compound. Tha data disclosed herein also show that addition of the purified 
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lecombinant BACE onty sthiutates ^pH 4.5* activitr with no effect on *pH 6.5' activity. Conveiaety, the addition of 
partially purified novel neuVal TpH 6.5") activity only stimulates *pH 6.5* activity but not 'pH 4.S* activity. 

RnaBy, the data presented herein show that tht estimated primary molecular mass of the protein 
responsible for the noutral P-secntase activity in human 293 ceDs is approxttnatety 35.3 hDa as determined by the 
irradiation inactrvation approach. This is significantly differsnt from the predicted primary [i.e. devrad of sscondary 
post-translatiDnal modifications) molecular weight of 51 tcDa as reported for mature recombinant BACE (Vassar eta!., 
Scienca 288: 735-741 [19990. It >s also tfifferent from the mass of approximately 57.9 kOa as estimated for 
endogenous BACE using the same irradiation inactivation method. Similarly, a stonrficant difference in the estimated 
molecular mass was observed, using the same experimental approach, between p-secretase activities differing in their 
pH optima in human brain derived samples. Thus the present invention discloses a distinct novel p-secritasa activity. 

The assays of the present invention pave a way lor screening of modulators, preferably inhibitors, of p- 
secretasB activity and for the idsntif ication of potsntial drugs for Abhevner's disease. Multiple P-seaetase activities 
may be involved in the processing of pAPP in order to generate p-Amytoid lApi peptide, the aggregation and 
extracelhjiar deposition of which in the brair. is a hallmark of Alzheimer^s disease pathology. ThBrefore, any 
therapeutic strategy evoNed to prevent or hah the deposition of these plaques in Abhetmer's patients should take into 
account the actrvitias of various P-secretases. A novel protease with eniymatic characteristics of p-secretase as 
disclosed herein provides yet another target for screening of compounds to identify potential drug candidates for the 
treatment or prevention of Alzheimer's disease and other neurodegenerative disorders. 

L DEFINITIONS 

Before the pres»il assays are desaibed. tt is to be understood that this tnveniion is not limited to 
particular methodology described, as such may, of course, vary. It is also to be understood that the tenrunology used 
herein is lor the purpose of describing parttcutar embodiments only, and is not intended to be limiting, since the scope 
of the present invention wiB be Hmited only by the appended claims. 

Unless defined otherwise, all technical and scientific terms used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to which this invention pertains. Although any methods and 
materials similar or squrvalent to those described herein can be used in the practice or testing of the present invention, 
the preferred methods end meteriab ere now described. All publications mentioned herein are incorporated herein by 
reference to disdose and describe the methods and/or materials in cmuiection with which the publications are cited. 

The publications discussed herein are provided solely for their disclosure prior to the filing date of the 
present applicatroo. Nothing herein is to be construed as an admission that the present invention is not entitled to 
antedate soch publication by virtue of prior invention. Further, the dates of pubfication provided may be different from 
the actual publication dates which may need to be independently confirmed. 
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As used herein, "p- amyloid precursor protein' (APP or (UPP) refers to a polypeptide that is encoded by a 
gens of the same name locatized in humaas on the long arm of chromosome 21 and that includes a p-amylord protein 
region within its carboxyt region. 

The term 'p-amytoid protein* (Ap) as used herein refers to all |5-ainytoi4 proteins inctudtng approximately 
43 amino acid peptide which comprbes ristdues 597-640 of the 695 amino acid tsotype of APP. (^-amyloid proteins 
of the invention include any protein containing about 40 to about 44 amino actds which preferabFy comprises residues 
597-640 of the 695 amino acid isotype APP, or Ap,^, (Sellcoi et aU $upra). Within this (Ksctosure the term p- 
amytoid protein Is intended to inctudo the two major AP variants referred to herein and the 55 amino add segments 
including amino BCtds 640-695 of the 695 amino acids isotype of APP. After this disctosurv others will, perhaps, 
discover other p-amyloid proteins and as such as intended to come within the scope of the present invention. 

The term *APP secretase/ 'secretase* and 'secrotase activity* as used Interchangeably herein refers to 
any proteolytic enzyme and/or activity which results in the secretion of various fragments or intracellular 
fragmentation and degradation of APP. This includes a-secretasa, p-sacrstase. y secretase, and any similar but as of 
yet unidentified enzymes which causa the proteolysis of either APP or Ap^ 

The terra 'p-secretase* and 'p-secretase activity' as used interchangeably herein refers to the enzyme 
or enzymes responsible for proteolysis of APP at the N-terminal cleavage site of APP, which occurs between residues 
596 and 597 and at residues 605 and 606 of the 695 isotype of APP. 

The term 'APP/p-sacretase miitura' as used herein refers to the isolated APP and P-secretase as a 
complei andfor as a mixture of the two substances. 

The term *Atzb aimer's disease* (abbreviated herein as 'A 01 as used herein refers to a condition 
associated with formation of neuritic plaques comprising p-amyloid pro tern primarity in the hippocampus and cerebral 
cortex, as wall as impainnent in both learning and memory. 'AD' as used herein is meant to encompass both AD as 
wbQ as AO-type pathologies. 

The term 'AD-type pathology* as used herein refers to a combination of CUS alterations including, but 
not limited to. formation of neuritic plaques comaining p-amyloid protein io the hippocampus and cerebral cortex. Such 
AD-type pathologies can indude, but are not necessarily limited to, (fisorders associated with abenam expression 
and/Of deposition of APP, overexpression of APP, expression of absrram APP gene products, and other phenomena 
associated with AD. Exemplary AD-typa pathologies Include, but are not necessarily limited to. AD-type pathologies 
assodated with Down's syndrome that is associated with overexpression of APP. 

.The tenn 'phenomenon associated with Alzheimer's ifisease' as used herein refers to a structural 
molecular, or hmctional event assodated with AD, particularly such an event that is readily assessable in an animal 
model Such events inchide, but are not limited to. amyloid deposition, neuropatholostcal developments, leemtng and 
memory defidts, and ether AD assodated characteristics. 
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Die term 'cerebral amyloid anQiopatby" (abbreviated hereirt as CAA) as used herein refers to a condition 
associated with formation of amyloid depositioo within cerebral vessels which can be complicated by cerebral 
parenchymal hemorrhage. CAA is also associated with inaeased risk of stroke as well as development of cerebellar 
and subarachnoid hemorrhages (Vintors (1987) St/oke 18:311-324; Haan et aL (1994) Dementia 5:210-213; Iloh, el 
aL (1993) J. Newnsl. Sa\ 118:135-4141. CAA can abo be associated with dementia prior to onset of hemorrhages. 
The vascalar amyloid deposits associated with CAA can exist in the absence of AO, but are more frequently associated 
with AD. 

The term "phenomenon assodated with cerebral amyloid angiopathy" as used herein refers to a 
molecular, structural or functional event associated with CAA, particularly such an event that is readBy assessable in 
an animal model Such events tnduda, but ars not limited to, amyloid doposition, cerebral parenchymal hamorrhags. 
and other CAA- associated characteristics. 

The term 'P-amyloid deposit' as used herein refers to a deposit in the brain composed of A(5 as well as 
other substances. 

By "antibody' is moant an immunoglobulin protein which is capable of binding an antigen. Antibody as 
used herein is meant to inchids the entire antibody as well as any antibody fragments (e.g.. FfAb'lj, Fab', Fab, Fv) 
capable of binding the epitope, antigen or antigenic fragment of interest. 

Antibodies of the invention art immunore active or immunospecific for and th&efore specifically and 
sdectively bind specific proteolytic producu of the APP protein. Antibodies for each proteolytic product are preferably 
inmunospacific - le., not substantially uoss-reactive with other proteolytic products of APP. Although the term 
'antibody' encompasses all types of antibodies both polyclonal and monoclonal antibodies, and produced using a 
peptide antigen. 

By 'purified antibody' is meant one which is sufficiently free of other proteins, carbohydratss, and lipids 
with which it is naturally associated. Such an antibody 'preferentially binds' to a proteolytic APP protein product (or 
an antigenic fragment thereof); I.O., does not substantially recognize and bind to other antigenic ally-unrelated 
molecules. A purified antibody of the invention is preferably immunore active with and immunospecific for a particular 
APP protein product (e.g., pNTF) and more preferably will not react with other APP protein products. 

By 'antigenic fragment* of an APP proteolytic product is meant a portion of such a protein which is 
capable of binding an antbody used in the assay of the invention. 

By "binds specifically' is meant higfi avidity and/or high affinity binding of an antibody to a specific 

polypeptids, It^ epitope of a APP protein product. Antibody binding to its epitope on this specific polypepttdi is 

preferably suonger than binding of the same antibody to any other epitope, particularly those which may be present in 

moteailes in association with, or In the same sample, as the specific polypeptide of interest, e.g., binds more strongly 

to APP protein product than other epitopes so that by adjusting binding conditions the antdjody binds almost 

exclusively to the APP protein product Antibodies which bind specifically to a polypeptide of interest may be capable 

of btncfing other polypeptides at a weak, yet detectable, level (e.g., 10% or less of the binding shown to the 
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polypfiptidf of interB$tl Such weak bindng, or backoround binding, is readily discernibte from tha specific antibody 
binding to the compound on polypeptide of interest. e.a^ by use of appropriate controls, tn general, antibotfies of the 
invention bind to a particular APP protein product with a binding affinity of 10' motesfttter or more, preferably 10* 
moleftiters or more. In general, an antibody with a binding affinity of 10^ motss/liter or less is not useful in that it will 
not bind antigen at a detectable level using conventional methodology currently used. 

By "detectably labeled antibody* or "detectably labeled antj-pffTF* is meant an antibody [or antibody 
fragment which retains binding specificity!, having an attached deteciable label. The detectable label is normally 
attached by chemical conjugation, but where the label is a polypeptide, it could alternatively be attached by genetic 
engineering techniques. Methods for production of detectably labeled proteins are well known in the art Detectable 
labels may be selected from a variety of such labels known in the art. but normally are ratfiotsotopes, fluorophores, 
paramagnetic labels, enrymes (e.g.. horseradish peroxidasel or other moieties or compounds which either emit a 
detectable signal (B.g.. radb activity, fluorescence, color) or emit a detectable signal after exposure of the tabd to hs 
substrate. Various detectable label/substrata pairs !a.g., horseradish peroxidase/diaminobenzidine, avidin/streptavidin, 
luciferase/hiciferin), methods f er labeling antibodies, and methods for using labeled antibodies are weQ known in the art 
(see, for eiampla, Harlow and Lana, eds. [Antibafjes: A Isboratory Msnusf [\%%^) Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor. NYl 

The term 'compound* as used herein describes any molecule. i.g^ protein, naturally occurring 
substances, synthesized protein or small motecule pharmaceutical, with the c^ability of affecting secretase activity. 
Such compounds may be used to treat the molecular and clinical phenomena associated with amyloid-associated 
disorders, and specifically AD, CAA and pnon medicated disorder. 

By 'effective dose' or "amount ellectiva" b meant an administration of a compound sufficient to provide 
the desired physiological and/or psychological change. This wilt vary depending on the petient, the disease and the 
treatment The dose may either be a therapeutic dose, in which case it should sufficiently alter levels of amyloid 
plaques in the subject to alleviate or ameliorate the symptoms of tho disorder or condition, or a prophylactic dosa. 
which should be sufficient to prevent accumulation of amyloid plaques to an undesirabla level. The terms "treatment.* 
"treating* and the Eke are used herein to generally mean obtaining a desired pharmacologic and/or physiologic effect 
The effect may be prophylactic in terms of completely or pariiaRy preventing a disease or symptom thereof and/or may 
be therapeutic ia terms of a partial or complete cure for a disease and/or adverse eiffect attributable to the disease. 
'Traatmenf as used herein covers any treatment of a disease in a mammal, particularly a human, and inchjdas: 

(a) preventing the disease from occurring in a subject which may be predisposed to tha disease 
but has not yet beea diagnosed as having it 

(b) inhititing the disease, i.e.. arresting its development or 

tc) relieving the disease, Le., causing regression of the disease. 
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Tha therapeutic agents that can be identified using th» aisay of the invention m particularly uselul in the treatment 
of any disease associated with the deposition ol p-amyloid. incKidins AD, hereditary cerebral hemorrhage with 
amyloidosis, and prion^ediated disorders, and the RkeL 

The terms "neutral' and 'pH 6.5* ^secretase activity are used interchangeably and refer to a 
polypeptide of about 32-39 kOa as determined by radiation tnactivation analysis of HEK293 cell membrane extracts 
and 20-26 kDa as determined by ra(fiatian inactivation analysis of human brain samples, having the ability to cleave 
pAPP, and having a pH optimum ol about 6.5-7.0. Similarly, the terms "acidic* and *pH 4.5" [Vsecretase activity are 
used interchangeably and refer to a polypeptide of about 50 60 kOa as determined by radiation inacthration analysis of 
HEK293 ceil membrane extracts or human brain samples, having the abiiily to cleave pAPP. and having a pH optknum 
of about 4.5-5,5. 

The term 'alter* and grammatical variants thereof, when used in connectiim vyith the assays of the 
present invention, inclode any and all modifications, such as inhiition or enhancement of p-secretase activity. 

The term 'preferentially inhibits*, and grammatical variants thereof, are used to refer to a molecule that 
exhibits a higher inhibitorf activity towards a particular Tpreferred*) p-secretasa eniyme than tovi/ards another ("less 
preferred') P-seaetase ertfyme. The ratio of the •referred* and less preferred' P-secretase inhibitory activities is 
preferably at least about 1.5, more preferably at least about 2.0, even more preferably at least about 2.5. 

IL GENERAL ASSAY METUDDOLOBY 

The present invention provides an assay method for identifying modulators (enhancers cr. preferably, 
inhibitors) of p-secretasa enzymatic activity. The method is based on screening for modulators (enhancers or 
inhibitors) of a novel "neutrar p-sacretase activity. The novel p-secretase. in isolated, immobilized or cell bound form, 
is contacted with a candidate compound, or a plurality of candidate compounds, and those candidates are selected 
that have the ability to alter, preferably inhibit, the biological activity of the new 'neutrar p-secretase. While the 
effect of a candidate compound on P-secretase activity is preferably detected by monitoring its ability to alter (e-g. 
inhibit) P-seaetase mediated deavage of APP, any other read-out of psecretase activity is equally suitable. Both cell 
based and cell-free assays are specifically within the scope of the invemion. Candidate compounds which provide 
significant inhibition, usually at least about 25%, preferably at least about 50%, mors preferably at (east about 75%, 
most preferably at least about 90% inhibition, and often at least about 95% inhibition, are considered p-secretase 
inhibitors. 

In a preferred embodiment, the present invention provtdes an assay methodology for determining 
compounds which can have an effect on (preferably reduce) APP proteolytic products using membrane-enzyme 
rm'xtures, as weD as methods of preparation of the mixtures used in such assays. Such compounds can be used in tha 
treatment of patients, particularly humans, with amyloid-associated disorders. The assay involves contacting APP/p- 
secratase as individual components or as a mixture or complex with a test compound and thereafter determining the 

-12- 



wo 00/€9262 



PCTAJSOO/13074 



level of APP proteolytic products, and paritcttUrty pNTF. If the compound reduces the level af APP proteolytic 
products, e.o^ as compared with a previously known standard then the compound is a candidate for the treatment of 
patient's with amyloid-associated disorders. The APP and p-secreiass which are contacted with the compound can bs 
both isolated from ceD membranes obtained from cells expresses both APP arut p-secretase or can be isolated from 
ceOs eipressing either APP or fVsecretase and then combined together. Alternatively. APP and/or p-secretase may be 
partiaDy or fully sYnthesized by traditional chemical synthesis and/or recombinant DMA technobgy. In a special 
emboifiment, celts engineered to recombinantly express APP andlor one or more p-secretases can be used. 

Before the membranes are used in the assays, background levels of APP proteolytic products may be 
removed. This step could be eliminated by precisely determining the level of APP proteolytic products in a known cell 
culture of cells expresstng APP. Thereafter the known level can be adjusted for in the assay, Le., increases or 
decreases relative to the known background level could be determined by subtracting away the known background 
level. In order to perform the assay in this manner, it would, of course, be necessary to obtain cell membranes from a 
statislicaBy significant number of recombinant cells which eipress a known level of APP and thereafter determining 
the background level of APP proteolytic products present in the membranes of these cells. 

b one aspect of the invention there is a disclosed method of identifying a compound characterized by its 
abSity to alter p-secretase activity. The method comprises the steps of (1) contacting APP/p-secrstase mi;itur6 
isolated from membranes obtained from cells; from which background levels of APP proteolytic products have been 
removedt with a test compound; and (2) determining levels of APP proteolytic products following contact with the test 
compounit wherein the levels of APP proteolytic products are indicative of the effect of the compound on h mop- 
secretase activity. 

An assay method for determining compounds that affect APP p-secretase activity is (fisclosed which 
comprises: |1) preparation of APP and p-secretase from cell membranes prepared from cells expressing APP and p- 
secretase; 12) treatment of the APP/p- secretase with a candidate compound m vitro; and 13} determining the effect of 
the compound on f^-secretase activity by measuring the levels of APP proteolytic products. It is preferable to run the 
assay against a control e.g.. where no compound is added to the APP/p-secretase mixture and/or where any carrier 
ddded with the test compound is added to a culture to determine if a carrier alone affects APP proteolysis. 

Compounds found to affect psecretase activity, e.g.. either mhtbit or enhance secretase activity, can be 
further assayed in transgenic mice. Compounds which test positive in the assay of the invention can be used in the 
treatment of amyloid associated disorden such as AO and CAA. 

Abo descr3>ed is a method of reducing the level of p-amyloid plaque In the brain tissue of a marrunalian 
host by administering a compound which mhtbits p-secretase as identified in the essay described above. Prophylactic 
use of such compounds is also contemplated foi individuals at risk for Alzheimer's disease such as the elderly and/or 
tndividuats carrying known mutations linked to this (Ssorder. Individuals treated may not presently exhibit symptoms 
but have been subjected to head and neuronal trauma. 
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Membrane Prenaration and Isolation of APPfO-Secfetase Miiture 

The membrane priparations of the invention are prepared to allew access of the endogenous or 
exogenous APP protein with p-secreiase isolated from membrane preparations. Membrane preparations used in the 
assay of the invention can be homogenized using techniques available to those skilled in the art, such as deunctng, use 
of a mechanicaf tissue homogenizer, needle shearing, and use of a bal^tIearing tissue homogenizer. Generally, cells of 
interest e.g.. primary gbai cefls, mammanan cells expressing endogenous or exogenous human APP. human 293 cells, 
and the like are isolated and disrupted in a manner to preserve the p-secretase activity. The ceDs used for the 
membrane preparation may be freshly obtameit e.g., isolated from a patient sample, from a cultured system, e.g., an 
immortal cell Rne. or cells preseot in king-term storage, B.g., cells stored at JO'^C. Once the membranes have been 
isolaf ett thay may be used directly in the assay or stored at WC. 

Once a crude ceO membrane preparation has been general edl the membranes are treated with a mild 
detergent to remove background levels of APP p-secretase proteotyiic products IPNTF). An exemplary detergent for 
use with the presently described assay include 0- 02-0.05% saponin. Foflowtng treatment with the mild detergent tf» 
P2 membrane is sotubifized with a stronger detergent such as 0.3X Titron X-100 or 0.3% Triton X-100 (reduced 
form). 

Once solubifizett the APP/p-secretase mixturo is partially purified. It can be purified using any method 
known in the art but is preferably purified using chromatography, e.g., Q-HP Sepharose chromatography. Other 
techniques that may be used include, but are not limited to, anion exchange chromatographies such as DEAE and 
DMAL 

Optionally, before addition of a test compound, the APPjp-secretase mixture is exposed to an agent that 
alters p-secratase activity and/or stabiSzes the detectable APP proteolytic products of P-secretase. In a preferred 
embodiment the agent enhances the levef of p-secretase activity in oriter to allow for improved detection of alterations 
in p-seaetase activity. Exemplary agents for this use inclutfa phospho&pids such as cardtotipia I a phosphatidyl serine 
and l-a phosphatidyltnositoL Other agents affecting P-secretase activity can be used in the presem invention as weD, 
es will be obvious to one skaied is the art upon reading this disclosure. 

Detection of Proteohrtic Products Fonowino Treatment of APP/B-Secietase Mixture 

Following incubation of the APP/p-sacretasa mixture with the test compound, the preparation b assayed for 
laveb of p-secretase proteolytic products of APP, e.g., pNTF. Detection of the APP p-secretese proteolytic products 
can be accompKshed using any of a number of methods to detennina the absence or presence or altered amounts of the 
differentially expressed polypeptide in the test sample. For example, detection can utilize staining of the APPip- 
secretasa mixture with labeled antboifies, performed in accordance with conventionat methods. In general, antibodies 
that specific ally bind a differentially expressed polypeptide of the invention ere added to e sample, and incubated for a 
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period of tm sufficient to aDow bindins to the epitope, usually at least about 3D minutes. Ttte antibody can be 
detectably labeled for direct detection le.B.. using radioisotopss^ eiuynies, f luorescers, chemtluniinescers. and the like), 
or can be used in conjunction with a second stage antibody or reagent to detect binding (e.g., biotin with horseradish 
peroxidase-conjugated avidin, a secondary antibody conjugated to a fhiorescent compound, s.g^ fluorescein, 
rhod amine, Texas Red, etc). The absence or presence of antBiody binding can be determined by varioiu methods, 
including flow cytometry of dissociated cells, microscopy, radiogrsphy. scintillation counting, etc Any suitable 
alternative method of qualitative or quantitative detection of levels or amounts of differentially expressed polypeptide 
can be used, for eiampte western blot, immunoprecipitattoa radioimmunoassay, etc. 

In 8 preferred embodiment, an enzyme-linked immunosorbent assay (ELISA) is used to detect tbe presence of 
the APP/p-secretase proteolytic product, pNTF. Quantitation of muitlple samples can be made more time efficient by 
running the assay in an ELISA format in which different potential agents are tested against celt membrane preparations 
and rapid quantitation is accompfished by spectrophotometric or colortmetric detection. For example, the presence of a 
relatively low amount of pNTF indicates a decrease in ^-secretase actrvtty. Such changes in the level of APP 
proteolyt'c peptide products can identify lead compounds for further study in the treatment of amylotd^ssociated 
disorders. 

IIL CQfMPOUNOS OF THE INVENTION 

Compounds of the invention encompass numerous chemical classes, including bin not limited to the 
compounds described herein with known function. Novel methods are provided which employ compounds that are 
effective in ahering p-secretase activity levels. Compounds found to inhibit or enhance p-secretase activity can be 
further assayed in transgenic mice to determine additional physiological effeds and potential of the compound as a 
therapeutic agent (Moran et al Pmc. Natt. Acad. Scf. USA 92: 5341-5345 11995); Games et al. f^iture 373: 523-527 
[19951: Haiso et al. Science 274: 99- 102 [19961). Compounds which test positive can be used in a specific method 
of treatment of the invention described below. 

Candidate compounds can be obtained from a wide variety of sources including ISiraries of synthetic or 
natural compounds. For example, numerous means are available for random and directed synthesis of a wide variaty of 
organic compounds and biomolecules, including expression of randomized oligonucleotides and oligopeptides. 
Alternatively, libraries of natural compounds in the form of bacterial, fungal plant and animal extracts are avadabta or 
readily produced. Additionally, natural or synthetically produced liiraries and compounds are readily modifted through 
conventional chemical, physical and biochemical means, and may be used to produce combinatorial libraries. Known 
pharmacological compounds may be subjected to directed or random chemical modifications, such as acylation, 
atkylation, esterification, amidificatton, etc to pioduce structural analogs. 

Compounds for use in the method of invention may be small organic compounds having a molecular weight of 

more than 50 and less than about 2,500 daltons. Candidate compounds comprise functional groups necessary for 

structural interaction with proteins, particularly hydrogen bonding, and typically include at least an amine, carbonyl. 
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hydroiyl or carboiyl group, prefer abty at least (wo of the furictional chemical groups. The candidate compounds often 
comprise cyclical carbon or heterotycBc structures and/or aromatic or polyaromatic structures substituted with one or 
more of the above functional groups. Candidate compounds are also found among biomolecalese tnduding. but not 
limhed to: peptides, saccharides, fatty acids, steroids, purines, pyrimidines, derivatives, structural analogs or 
combinations thereof. 

IV. IWETHODS Of TREATMENT USING COIWPOUNDS OF THE INVENTION 

The method of treatment is a method of reducing the level of p-amyloid plaque m the brain tissue of a 
mammalian host by admimstering a compound which showed positive results in the assay described above, tn general, 
such compounds will reduce the IsveJ of p-amytoid plaque in brain tissue by affecting in mo levels of p-sscretase. 
Therapeutic etl9cts may be seen, for example, by compounds thai inhibit or dacrease p-secretase activity. 
Prophylactic use is also contemplated for indhriduals at risk for Alzheimer's (fisease such as the elderly and/or 
individuals carrying known mutations linked to this disorder. Individuals treated may not presently eihtbit symptoms 
but have been subjected to head and neurortal trauma. 

In the subject methods, the compound may be administered to the host ushg any convenieni means capable 
of resulting In the desired target protein activity modulation. Thus, the compound can be incorporated into a variety of 
formulations for therapeutic administration. More particularly, the compounds of the present invention can be 
formulated into pharmaceutical compositiorts by combination with appropriate pfiarmaceutically acceptable carriers or 
diluents, and may be formulated into preparations m so^d, semi-solid, figuid or gaseous forms, such as tablets, 
capsules, powders, granules, ointments, solutions, transdermal patches, suppositories, injections, inhalants and 
aerosots. 

As such, administration of the compounds can bs achieved in various ways, including oral buccal, rectal, 
parenteral, intraperitoaeaf, intravaginal, intradermal, transdermal, intratracheal, etc^ administration. 

In pharmaceutical dosage forms, the compounds may be administered in the form of their pharmaceuticatfy 
acceptable salts, or they may also be used alone or in appropriate association, as well as in cambinatioa with other 
pharmaceuttcaBy active compounds. The following methods and excipiants are merely exemplary and are in no way 
limiting. 

For oral preparations, the compounds can be used alone or in combination with appropriate additives to make 
tablets, powders, granules or capsules. Examples of additives are conventional additives, such as lactose, mannitol, 
com starch or potato starch; binders, such as crystalline cellutoje, cellulose derivatives, acada, corn starch or gelatins; 
disintegrators, such as com starch, potato starch or sodium carboxTmethylcenulosB; lubricants, such as talc or 
magnesium stearate; and if desireit diluents, buffering agents, moistening agents, preservatives and flavoring agents. 

The compounds of the invention can be formulated into preparations for injection by dissolving, suspending or 

emulsifying them in an aqueous or nonaqueous solvent such as vegetable or other similar oils, synthetic aliphatic acid 

glycaridas, esters of higher aEphatic acids or propylene glycol. If desired, conventional additives such as solubitos, 
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isotcttic agents, suspending agents, emuisifying agents, stabilizers and preservatives may also be added. The 
concentration of therapeuticallr ictive compound m the formulation may vary from about 0.5-100 wt %. 

The compounds can be utBized in aerosol forrouiation to be administered via inhalation. The compounds of 
the present invention can be formulated into pressurized acceptable propdiants such as dtchtcrodifhioromethane, 
propane; nitrogen and the lilta 

Furthermore, the compounds can be made into suppositories by mixing with a variety of bases such as 
emulsifying bases or water-solubli bases. Th9 compounds of the present invention can be administered rectally via a 
suppository. The suppository can inchide vehicles such as cocoa butter, carbowaxes and polyethylene glycols, which 
melt 3t body temperature, yet are solidified at room temperature. 

Unit dosage forms for oral or rectal administration such as syrups, elixirs, and suspensions may be provided 
wherein each dosage unit te.g., a leaspoonfut tablespoonf ul, tablet or suppository) contains a predetermined amount 
of the composttion containing one or more inhibitors. Stmilarly. unit dosage forms for ir^i'ection or intravenous 
administraiion may comprise the inhibitorts) in a composition as a solution in sterile water, normal saline or another 
pharmaceutically acceptable carrier. 

The phaimaceuticaRy acceptable excipients, sxh as vehicles, adjuvants, carriers or diluents, are readily 
available to the public Morsovsr, pharmaceutically acceptable auxiliary substances, such as pH adjusting and 
buffering agenu, tonicity adjusting agents, stabilizers, welting agents and the like, are readily available to the pubBc 

The compounds are administered to a host in a physiologically acceptable carrier, at a dosage from 5 mg to 
1400 mg. more usually from 100 mg to tOQO mg, preferably 500 mg to 700 reg for a dose of 0.5 to 20 mg/hg weight. 
The dosage fer compounds altering secretass activity is elected so that the sscretase activity is altered by 10 to 60%. 
more preferably 20 to 70% and even mors preferably 25-50%. 

EXAMRES 

The following eiamples are set forth so as to provide those of ordinary skill in the an with a complete 
disclosure and description of how to make and use the present invention, and are not intended to limit the scope of 
what the inventors regard as thar invention nor are they intended to represent that the experimerrts below are all or 
the only experimems performed. Effons have been made to ensure accuracy with respect to numbers used (e.9.. 
amounts, temperature, etc) but some experimental errors and deviations should be accounted for. Unless indicated 
otherwise, parts are parts by weight molecular weight Is weight average molecular weight, temperature is in degrees 
Centigrade, and pressure is at or near atmospheric. 

EXAMPLE 1: Membraoe preparation protocol 

Membrane preparations for APPf -secretase substrate mixtures were generated from human embryonic kidney 
293 calls (HEX2d3) expressing the 751 form of APP carrying the "Swedish* AD mutation (293/751 sw). For other 
purposes such as following or purifying -secretase activity, mambrana extracts were made from naive KEK293 cells. 
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This protocol can also be used for all other cell tvpes, e.g. Chinese hamster ovary cells expressing an exogenous human 
APR grate (CHO-695APF1. Cells were stored as cell pellets at -80* C until used for the preparation. 

Approxtmatefy 70-100 gram of ceils (wet weight) were routinely used to generate 50-100 mis ot enzyme 
substrate compfex/mixture from membraoe extracts. The cells were thawed and were resuspended through different 
tterations In a total volume of 12-15 x vol/gram wet weight of TE/1X protease inhibitor cocktail tPIC) buffer |20 mM 
Tris-HCI/5 rofUI EDTA pH 6.5 (TE) with IX PIC (IX PIC: 10 fxM leupepttn. 1 aprotintn and 1 ^iM pepstatin, 
Boehrinsef Maraibeim). tnitialty. the pellet was resuspended in ' 6-9 x vol/gram wet weight and homogenized ustog a 
tissumizer (IKA tabortechnik. Staufen, Germarry) at medium setting for three times one minute with intermittent 
cooring on ice. The homoganstB was then distributed into different 50 ml Falcon tubes and was centrifuged for 10 
minutes it 1500 rpm in a table centrifuge (Sorvatl) at 4** C. After the csntrifugatton. the supernatant correspontfing to 
a PNS (postnudear supernatant) was carefully ramovad and pooled into a fresh tube. In order to avoid dsturbing the 
relatively loose pellet* approximately 10 ml of material were left in each tube including tha pellet that contained 
unbroken cells and nuda. The pellet and remaining supernatant was pooled and resuspended in the remainder of the 
homoganoation buffer. The suspanston was then subjected to another round of homogenization with the tissumizer 
followed by csntrifugatton and supernatant collection as described above. Tha rssnltino PNS was pooled witti the 
previously saved material. If dsemed necessary, an additional round of homogenization was inctuded or the previously 
centrifuged material was ^un again to recover all the supernatant efficiently. The membranes were then recovered by 
cemrifugaiion of the pooled PNS at 28.000 ipm f * 65,000 x g) in a Ti45 rotor [Beckman, Palo Alto, OA) for 30-40 min 
at 4*'C and the supernatant was poured off carefully after the centrifugation. 

EXAMPLE 2: Detergent wash of membrane preparation 

Membrane preparations as prepared in Example 1 are treated with a mild detergent to reduce, preferably to 
undetectable leveb. background APP proteolytic products. The membrane pellet was resuspended sequentially in a 
total of 12 1 vol/gram wet weight of TE/1X PIC in the prssanca of a final concentration of 0.02% saponin (added from 
a 0.5% saponin stock solution mads in distilled water). The pellet was homogenized on ice by 13-18 strokes in a 
Kontes glass tissue bomoienizer with a tight pestle (0.013 0.14 mm clearance). Treatment with the mild detergent 
sapomn pormeabiEzes the membranes and thus releases lumenal soluble proteins. In particular, this preferably redwiss, 
to undetectable levels, any background APP proteolytic products, such as |5-NTF. Following homogenization of the 
membranes os ice, the suspension was centrifuged in a T45 rotor at 26,000 rpm ('65,000 x g) for 30-40 minutes. 
The saponin extract containing -NTF was stored at -80** C unta it was further purified over a Q-HP colunn (slmaarty 
to the membrane extract described below) and the resulting fractions containing -NTF were aliguoted and stored at • 
80* C for use as a standarl The pellet after the saponin extraction was resuspended again in TEJ1X PIC, 0.02% 
saponin and treated as described, and this step was repeated unt3 the membranes were washed in a total of 12 x 
volfgram csfi paste. 
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Following rhe saponin Bxtracfioii, the final membrane peBet IP2 petletl was routinely f roien ai -80* C until 
further use. When needed, the frozen P2 pellet was thawed and resuspended in TE/tX PIC. Triton X100 R was added 
to a ftnal concentration of 0.3% and the suspension was dounced on ice at least 12 times in a Kontes glass tissua 
homogenizer with a tight pestli (0.013-0.14 mm clearance). After the material had been suspended weD, the solution 
was cenvifuged at 32,000 rpm (' 100,000 x g) for 45-60 minutes at 4* C. The sahibiltzed membrane supernatant 
was collected, and the peDet discarded The solubiTtzed Triton XI 00 exuect was then filtered through a 0.45 }un 
bottle-top filter to remove insoluble material (Schleicher & Schull) and was partially purified on a 25 ml Q-HP 
Sepharose cdurrvi (Pharmacia, Stamford, CT) in the following manner. 

EXAMPLE 3: Partial purification of the APP/p-Secretast mixture 

The detergent-treated membrane preparations of Example 2 are partially purified using a Q-KP Sepharose 
chromatography cohimn (Pharmada, Stamfordl CT). The Q-HP column was equilibrated with 5-10 column volumes 
(CVs) of equilibration buffer 120 mM Tris/EDTA pH 8.5, 0.05% Triton X100-R) and the extract was loaded at 5 
ml/minutes. The cehtmn was then washed with 5 CVs of equilibration buffer to remove non-spacircally bound 
proteins. Proteins inchjdiog APP and -secretaso wera eluted from the column with a linear gradient from 0-1M NaCI h 
equilibration buffer fTE, OL05% Triton X100-RJ over 5 CVs and '8 ml fractions were collected. 1 x PIC was added to 
the coQection tubes prior to the run. 

Following elutioa the cohimn was washed weO with 1M NaCI/TE buffer, and 0.5N NaQH with intermittent 
rinses in distilled water and was then rB-equiTtbrated and storsd at 4* C until future use. For long-term usage, the 
cohimn was further washed with 20% ethanol/water and stored therein. 

The total protein concentration for each sample was determined using a 6CA protein test (Pierce, Rockford. 
Ill, and a protem profile was also detemiined for the rinses and the ehitioa Alternatively, protein was followed with a 
UV moniter. Samples were ran on an SDS polyacrYlamide gel for Western Blot eoalysis, and blotted with pAb369, an 
antibody which recognizes the C terminus of APP (Gouras et aL Proc. fiati Acatf. Sd USA 97: 1202*1205 12000I). 
The saponin extract of washes was also blotted to analyze the PNTF ustng AF-20 series antibodies or equivalent. 
pNTF-specffic antibodies wore generated against the neoepitope produced by p-secretase cleavage of APP. 
Spedfically a peptide to the neoeprtope ([CItSEVNU based on the Swedish APP sequence was synthesized, conjugated 
to a protein carrier via the N term'ma! cysteine on the peptide, and used to immunitB rabbits acceding to standard 
procedures. The resuhing antiserum was affmity purified using the peptide immunogen. 

bidtvidual fractions were then assayed for the presence of APP using an EII5A as well as for the presence of 
-SBcrstase using the native substrate assay as described in Examples 4 and 6. Fractions contairung APP and • 
secTitast as determined by Western blotting (sea above) or by EllSA (Examples 4 and 6) were pooled as APP/p- 
secretase complexfrnxture, afiquoted and stored at -80*C for future use. 
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EXAMPLE 4: EUSA assay using partiaUy purHted APPfp-Secreme miitiire 

The p-ssaotasa EUSA atsays were performed as per the schema in Figure 1. Each well of a 96 weO plate 
containing a flat bottom (high ptotein binding. Corning. MY) was coated with 100 of the monoclonal capture 
antOiody BES [at '8-10 ^9/01!) (Johnson-Wood et al /Voc NstK Ac9d, Sci USA 94: 1550-1555 (1397)). The plate 
was then covered witb parafiim and incubated overnight at 4* C or atternativelv for 2 hours at 37** C. Following 
incubation, any excess liquid was removed, wells blotted dry and incubated with 150 ^f of blocking buffer (0.1% 
BSA/PBS) per wel at 37* C or room temperature for 1-2 hours. 

The parttaRy purified APP/p-Secretase complex sotutton [10 p) or 20 ^1} was placed either in 1.5 ml 
microfuga Cube or 98-welI assay plate, and covered welt v/ith the cap or parafitm respectively. A sohjtion containing 
the compound of interest vras added to the APP/p-secretase mixture, followed by the addition of assay buffer [50 mM 
potassnim phosphate. 5 mM EDTA, 0J)2% Triton X-1Q0. pH 6,51 to a final volume of 100 Cardtolipin can bo added 
10 improve the stgnal (sec Example 5) and the assay can tolerate up to 2% OMSO when testing compounds sotubiRzed 
in DMSO. While this example describes the standard reaction conditions at pH 6.5, the assay was also routinely 
performed at a different pH, m particular at pK 7.0 or pH 4.5. The reaction samples were incubated at 37^0 for 6-18 
hours and were then stopped by placing the samples at -20** C. This reaction can be carried out lor multtpla potential 
compounds simultaneously to provide a high throughput method of screening multiple candidate therapeutic agents. 

After removing blocking buffer, the coated plates were blot dried. To one set of wefts, (fiflerent volumes 
[e.B. 0, 0.5, 1. 2, 4, 6. and 10 gl) of the Saponin wash from the membrane preparation were added. These were 
dauted to a final vohmie of 100 fil with dihition buffer and served to establish the rmearity of the assay {typicafly in 
the 00 450 nm range from 0.06 to 1.2} (Figure 21 The measurement of |3-NTF was found to vary linearly with the 
amount of incubation time in the assay (Figure 3). 

To another set of remaining wells, 50 pJ of a P-secretase reaction performed in the presence of a particular 
compound or combination of compounds was aiUedt followed by the addition of dilution buffer [50 ^il) to make up the 
volume to 100 fU/welL The EllSA plate was incubated at room temperature for 1-2 hours. Following incubation, the 
plate was washed three times with 200 of Wash Buffer (50 mM Tris-HCI pH 7.5, 150 mM NaCI, 0.05% Tween-2D}, 
and blot dried. After natirefy, PBS, 0.05% Tween-20 can be used as wash buffer. One hundred pi of 1:5000 dihition of 
the affrraty puriTted anti- -WTF AF-#20 antibotfies in Antibody/Conjugate Buffer [PBS, 2% BSA, 0.05% TweQn-20| was 
then added to each weB and the plate incubated at room temperature for 1 hou. The plate was again washed three 
tines with wash buffer, and excess liquid was removed between washes. 

One buo(ked pi of a 1:5000 dilutbo of a goat anti rabbit IgG-HRP in Antibody-Conjugate Buffer was then 
added to each weR, end the plate incubated at room temperature for one hour. After the secondary antibody 
incubattoa the plate was washed three times with wash buffer. One hundred pi of TMB/HjO, [Sigma] that had been 
brought to room temperature during the previous incubation was then added to each weD. During the development of 
5-20 minutes, the plate was covered with alurhinum foil and stored in the dark. After sufficient bhie color had 
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developed, the reactions were stopped by addinQ 100 ^1 of 5N H2SO4 to each welL and ihs anount 0I NTF was 
determined tiy reading the plate al 450 nm in a Softmai spectrophotomeier. 

EXAMPLE 5: Inhibition of ^secretase aetivitY by AEBSF 

The abSity of the broad spectrum, rrreversibli serine protease inhibitor AEBSF to inhibit p-secretase activity 
was tested using the methods of the invenina. AEBSF has been implicated as an inhibitor of p-secretase activity (M. 
Chron et al^ Neuron 1 7:1 7 M 79 (1336)), and so was a promisino candidate to test using the method ol the invention. 

Twenty ^1 of the APP/p-secretase mixture produced using the method described in Eiamptes 1-3 was diluted 
1:4 n 80 ^ assay buffer ISO mM potassium phosphate. 5 mM EOTA. 0.02% Triton X-100. at pK 7.0L Cardiolipio 
was assessed in the assay over a concentration range from O.OMOO pM. To zis^zz the effects of an inhibitor, 
AEBSF (Pifabloc) was added at conceotrations varying from 0 mM to 10 mM. The samples were incubated at 37''C 
for 16 hours, and the level of (3-secretasa activity was determmed using the ELISA assay of Example 4. 

The presence of cardioliptn in the assay buffer provided a dos^dependem increase in the detectable levels of 
P-secretase activity {Hg. 4A). The AEBSF (Pefabloc) exhibited dose-dependent P-secretase inhibrtion using standard 
assay condiu'ens (Fig. 46). These results show that 1) the assay of the invention allows for detectable dscrsasi in 
sacretase activity upon exposure to a known inhibitor, and 2) the detectable decrease is more dramatic with the 
addition of a compound such as cardiotipin that increases p-secretase activity. This is particularty uselul in the 
detection of compounds that have more subtle effects on the activity ol p-secietasei 

The potint, irreversibie. membrane permeant active site serine hydrolase inhibitor, diisopropyt 
fluorophosphate (DFP) did not inhibit the activity of the neutral [}-$ecretase activity. Indeed, at high concentrations of 
tbe inhibitor. p-MTF production was enhanced by pre-treatment of the extracted enzyme with DFP. The inh3)itorY 
effect of modrftcation of an activated serine residue is either directly or indirectly involved in the catalytic mechanism 
of p-NTF production by the neutral p-secretase. 

EXAMPli 6: -sacritase activity and APP assay 

The fractions obtained during the purification of :secret3se and/or APP subsuate as described in Example 3 
ware assayed in the fallowing manner. The assay consists of two different parts^ an incubation or reaction phase to 
generate -lOF and an EllSA part to capture and measure the -NTF generated by -secretase. The EUSA was carried 
out BssentiaSy as described in Example 4. 

After the column had been run. the reaction plate was set up to measure -secretase activity in the following 
manner using a 96 wel plate with a conical bottom {Coming, NY). Of each fraction. 10 or 20 was added to 90 or 
80 ^1 of assay buffer (50 mM poiasstun phosphate, pH 8.5. 5 mM EOTA, 0.02% Triton X100-R, 10 ^M cardioGpin) 
so that the total reaction volume was 100 pi While this example describes the standard reaction conditions at pH 
6.5^ the assay was also routinely performed at a different pfl, tn panicular at pfl 4.5 (see belowl In the case of naTve 

-21- 



wo 00/69162 



PCT/US00/I3074 



HEX293 ceHs that were not transfected with APP75Uw or H secratast was followed m fractions devoid of 
substrate, exoganous APPTSIsw (prepared as desaibed in Example 7) was atso added to the reactions. Half of the 
reaction was theit transferred to a new 96 weQ platei Both plates were tightly sealed using an Aluminium plata seal 
IBeclcman) to avoid excess evaporation of the reaction mix. One of the plates was then placed overnight at -20* C for 
the control rsaction durinQ which time the other plate was incubated in a 37* C incubator. 

tn the meantime, the corresponding pistes for the EltSA assay were set up as described earlier in Example 4. 
The next momino, after the reaction plates had been incubated for 15-18 hours, the 37* C plate was placed at -20* C 
to nop the reactioa The EUSA plate that had been coated overnight was then blotted dry and incubated with 150 ^1 
of blocking buffer (0.1% BSA/PBS) per weB at 37* C or room temperature for 1-2 hours. When the EUSA plates wore 
blocked, the reaction plates were removed from -20* C and thawed for the actual EUSA. The blocking solution was 
removed from the EUSA plate and the plate was blotted dry and then washed once with Wash Buffer (PBS, 0.05% 
Tween-20|L Excess wash buffer was removed and the plate blotted dry. Different volumes of Saponin wash were 
used to estabHsb a linear response curve for pNTF es described n Example 4. For the reactions, 30 pJ from each weD 
of the reaction plates incubated either at -20* C or 37* C. respectively, were added to the EUSA wells. Reaction 
samples were diluted whh 70 pi of dPutbo buffer [PBS. 0.02% Triton X100-R, 0.3%-6% BSAI and then Incubated at 
room temperature for 60-BO minutes. After this incubation, excess Gqurd was discarded and the wells were washed 3- 
4 times with wash buffer. The rest of the steps in the EUSA were carried out as described in Example 4 to determine 
the amount of pNTF generated as a result of p-secretase activity. 

To determine the substrate (APP) levels in these fractions, either 10 pi of the -20' C reaction mix or 10 
from the fractions directly were added onto EUSA wells coated with the 8E5 antibody and blocked as described above. 
The samples were dihited with 90 ^1 dSutlon buffer and the EUSA was performed basically as described above except 
that the detection system was slightly different. APP was detected using a primary Motinytated monoclonal 2H3 
antibody at a dilution of 1:2000 (Johnson-Wood et aL Proc. NatL Acad. Sci USA 94: 1550-1555 11997]). followed by 
a streptavidtn-HBP conjugate (Zymed) used at 1:5000. 

EXAMPLE 7: Generation of partially purified APP7S1SW substrate for the measurement of -Secretase activity in the 
abssoca of endogenous substrate 

In the previous example, ws described the generation of secretase/APP enzyme substrate complex. In order 
to be able to follow and purify -secretase from ceOs such as naTve HEK293 or CffO cells or from brain enracts. we 
need to reconstitute the activity by adding back exogenous APP substrate to indivkfua) samples such as fractions from 
a column purification step. We thus developed a partial purification approach that allowed us to obtain APP751sw 
substrate devoid of endogenoos -secretase activity as measured at pH 6.5. APP751sw was expressed and purified 
from transiently transfected HEK293T ceDs. Transient tiansfectton of APP75Uw improved the separation since a 
significantly higher ratio of substrate lo eniyma could be obtained CeOs were transiently transfected in rotter bottles 
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by a tiansfeclion nethod rccominenited by the manufacturer using FuGcne 6 (Boehringer Mannheim). The ceUj were 
harvested and the equivalent of " S10 gms of cell pasta was subjected to detergent extraction using the protocol 
dsscribad in Exampfas 1,2. and 3 with tha conesponding buffer vohmies. The detergent eitract was separated on 1 1 
ml a HP Sepharose column, and as observed when preparing APPI -seaeiase complai as dascrftad w Examples 1,2. 
and 3. both seaetase and APP751$w were intiaSy found to co-fractionate on this column. Tha APP751»w 
containing fractions were then pooled and the pool was dihited *8-10 fold with equilibration buffer (20 mM Tris/EDTA 
pH 8.5, 0.05% Triton XlOO-Rl to reduce the salt from the previous chromatography step. The material was then 
loaded onto a Mono Q column that had been equDibrated. Non-spccifically bound proteins were washed with 10 CVs 
of equilibration buffer and proteins were eluted with a 15 CV Inear gradient from 0-1 M NaCI in equiibration buffer. 
Again, fractions were analyzed for tha presence of APP751sw as described in Example 6. The -secretase activity was 
determined at pH 6.5 and the protocol was very similar to what is descrbed in Eiampfe B eicepi that additional 
exogenous APP751sw substrate from a previous preparation was added to each of the reactions. This was necessary 
since otherwise -secretase would not have been detectabla in fractions that were very limited in APP75l$w substrate 
fFtgure 5). As shown in Ffgii e 5, the mono Q step allowed the separation of the APP751sw substrate from the bulk of 
tba endogenous -secrotase u measured at pH 6.5. Based on this procedure, we have routinely obtained APP751sw 
at concenuations of ' 4-6 ngiml and use ' 3-8 jif per reaction to (tetermina the -secretase activity when substrate 
needs to be added back to the reaction miiture. The -secretase activity devoid of substrata from this column 
(compare Figure 5) was also pooled for additional expenments (soe Example 9). 

EXAMPIE 8: Identification and separation of two -Secretase activities that operate at different pH 

We investigated the pH profile of the -Secretase activity io the native substrate assay in two ways. In these 
experiments, we first measured the pH profte of the APR/ -secretase complex that was prepared as described in 
Examples 1.2. and 3. Second, we evaluated the pH profJe of -secretase that had been further separated from the 
APP751SW substrate on mono 0 when added back and thus reconstituted with its substrate (see Example 71 

In the first experiment, the emyme/substrate complex was incubated oveinlghi as described above under 
different pif conditions (phosphate buffer, containing 10 cardiolipin and 0.02% Triton X100-R) ranging from pH 
4.0 to pH 8.0. After the ncubatiorv aU samples were neutrafoed and then bound to the EUSA plate and -NTF was 
determined as described above. As shovwi in Figure 6A, the enzTme/substrate complex had a pH optunum of * pH 6.0 
to pH 6.5 under these confitions. This profile was relatively broad and significant artivity was detected down to pH 
4.5 and even as low as pH 4.(1 These resuhs suggested a rather heterogenous mixture of potentially more than one - 
secretasi actmty. 

When we reconstituted the secretase pod that had been separated via the additional mono Q step with 
exogsnous APP751sw substrate (compare Example 71; wo saw i mora pronounced activity optimum at pH B.O/pH 6.5 
(Ftgwe 6B1. Thb suggested that the mora neutral activity had been separated further on the mono Q colunn from the 
lower pH activity that was more significant in the starting matiriat (Rgure 6A). 
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Taken tooether. thesB results clearly suggest the presence of two distinct secretase activhies in HEK293' 
membrsnes. one that operates prelerentiatty at a more neuual pH (pH 6.0-B.5) and another that stems to favor a more 
acidic pH. 

In order to clarify the exbtefice of these two distnct activities, we separated them by emon-exchsnge 
chromatography. NaTve HEK293 cefls were homcgenized and eitracted as described in Examples 1,2, and 3 except at 
a smaller scale. 30 gms of HEK293 cell paste was processed and the volumes of homogenization, washes and 
extractions were adjusted accordingly. The detergent extract was then loaded onto a 5 ml Q-KP Sepbarost colunvi 
and non-specificatty bound proteins were washed with tO CVs of equilibration buffer. Proteins were etuted from the 
cohimn using a shallower gradient as that described in Example 3 to improve the separation between the two 
acthritres. Proteins were eluted in 12 CVs of a 0-1 M NaCI gradient in equiltbration buffer and the residtitg fractions 
were measurod for ^secretase activity using the native substrate assay at both pH 4.5 and pH 6.5 phosphate buffer 
as descnbed above). These cells tfid not contaio any endogenous APP751sw substrate and thus each reaction was 
supplemented with substrate (obtained as described in Example 7). As shown in ftgure 7. two distinct etutton profiles 
were clearly visible. The activity operating preferenttaOy at pH 4.5 was thus distinct and could be separated from that 
acthe at pH 6.5. We thus have provided evidence that there are two distinct -secretase entities with differential pH 
profiles. 

EXAtMPLE 9: Two separate activities contribute to p-secretase actiyhy in membrane extracts 

BACE Fc fusion protein was expressed in HEK293EBNA ceils and purified basically as descnlted {Vassar et 
af^Sdence 285:735 [19930. CeO supematants from BACE transfected or mock-treated cells were purified on Proten 
A Scpharose and eluates were Ttrst dihrted with PBS and then concentrated "1 0 fold in a Miir^ore micro-concentrator. 
5 to 10 pt of BACE fusion proteia mock eluate or partially purified -secretase (from Example 7) were added to 10 
of enzyme/tubstrate complex fprepared as desoibed in Examples \X and 31 and secretase activity was measured at 
•fther pfl 4.5 or pti 6.5. Two effects became apparent in this experiment. First, addition of different amounts of 
BACE (as opposed to mock-purified material) cleariy enhanced the -secretase activity measured at pH 4.5 but not at 
pH 6.5 (Rgtffe S). Thus; BACE did not contribute significantly to the pH 6.5 activity that appeared to be more 
prominent in the complex prepararions (compare complex alone at both pHs). Second, addition of partiaOy purified 
neutral -secretase activity from the mono 0 cohimn (compare Example 7L clearly enhanced seaetase activHy at pH 
6.5 as expected but not at pH 4.5 (Figure 8). Thus, these data underline tbat the neutral activity is different from 
BACE. 

In coodusioii, these data are consistent with the above results (Example 8) and provide independent evidence 
about the existence of distinct -secretase activities m KEK293 cells. One activity preferentiailY acts at tow pH and 
iiost 6kdy represents BACE or a BACE-related protein white the other activity appears distinct from BACE and 
operates at a more pbysiofogtcal pH. 
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EXAMPLE 10: Differential effect of StatVal inhibitor on low versus neutral pH activity 

Wi used the statine substrate analog inhibitor IstatVal) that targets BACE (Sinha et al^ Aiature 402. 
537-540, 1999) to determine its effect on the different •secretase activities described in Example B. Two Afferent 
samples were analyzed in the presence of the statVal inhibitor in ihs native subsuate assay (Example 6-9). First the 
enzyme/substrata complei that contained APP75hw aad second, the different pH pods separated from naive 
HEK293 celts that lacked the APP75tsw substrate (Example 6}. The assay was performed in both pff 4.5 and pH 6.5 
reaction buffers and in the case of the pH pools, eiogenous APP751sw substrate was supplemented in the reactions 
(Examples B-S), 

The StatVal inhibitor was added from a 10x stock at a ftnel concentration of 20 ^M to 0 fiM using 
threefold serial dilutioru. Given the good sotubility of the peptide inhibitor, all serial dihrtions generating the different 
lOx stocks were done in potassium phosphate reaction buffer, pH 6.5. tn the absence of cardioRpin. The reactions and 
the EUSA were performed as described, figure 9A and B show response curves from slatVal inhiiition expon'ments 
performed in either pH 6.5 or'pfl 4.5 reaction buffers, respectivety. Both the eniymefsubstrate complex (complex) as 
wefl as the reconstituted reaction (pH 4.5 pooO showed a pronounced parallel inhibitkin prolile in the pH 4.5 reaction 
with an IC50 of 6.6 |iM (Figure 9B). In contrast, the pH 6.5 reaction was not significantly affected in either 
enzyme/substrate complex or the reconstitoted reaction (Figure 9Ali Only at 20 p.M, did we see some moderate 
effects but the IC50 for inhibiting the neutrti activity was cisarty 20 >iM. Figure 10 shows the same effect on 
enzyme/substrata complex treated with the statine inhibitor between 10 and 0 in either pH 4.5 or pH 6.5 
reaction buffet (complex pH 4.5 versus complex pH 6.51. Again, as seen in Figure 9. the statVal tnh3)Ttor discriminatsd 
against the two activities that had been detected and separated as descriied in Example 8. 

Thus, we provided additional evidence that these different -secrvtase activities are indeed distinct 
entities. They are separable according to thev elutioa behavior from Q-HP Sepharose (Example 8) and they apparently 
show differential inhibition by the statVal inhibitor that was shown to target and bind BACE (Sinha et a/., ^/ature 402. 
537-540, 1999). Thus, the pH 6.5 or oeutral -secretase activity can be distinguished from BACE by two different 
criteria. 

EXAMPLE 1 1: Determination of Molecular Weight of p-Secretase with pH optima at 4.5 or 6.5 

ft is possible to determine the molecular weight of a protein mediating a specific biological function using 
radiation hadivation (ICempar 4aar. Biocheai 276: 113 (1993); Kemper Trends m Biocfisffi Sd 18: 236 (19931). 
With radiatioa target analysts, bbtogically active samples are exposed at low temperature to high energy electrons. 
This ionizing radiation causes gross structural damage in the macromolecuta and function is destroyed. The larger the 
mass of the protein, the more likely it will be destroyed. Determination of surviving activity ef tet increasing ladiation 
exposure permits estimates of the mass of the protein structure needed for the measured function since the rate of 
change b directly dependent on the mass. Only the primary molecular weight, not the secondary modifications, of a 
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protein responsibie for an activity H msasorsd by radiation inactivation. This calculated estimats is initependent of 
other protein molecules, hence, tha protein of int^est need not be pure: size estimates have been routinely made in 
intact celts, tissuss or crude samples. 

The molecular weight of the protein responsibla for the activity at neutral pH present in the KEK293 human 
kidney fibroblasts membrane complex was estimated. HEK293 membranes were aliquoted into iniSvidual vials, fronn 
to -130* C, and the allquots were subject to 12 differertt radiation doses, ranging from approximately 1 to 140 Mrad. 
High energy 10 MeV electrons were generated by a linear accelerator. After irradiation, the 12 vials containing the 
frozen irradiated HEIC-293 membranes (6 mgM protein) were opened and purged with compressed nitrogen. 
Membranes were thawed at room temperature and centrifugid at 14,000 rpm in a mitrocentrifuga for 25 minutes at 
4'C. Triton X-10D membrane protein extractions ware made basically as outined in bampta 1-3L Supsrnatants wora 
esptrated and the membraoB pellets weri resuspended and rehomogentzBd in Extraction Buffer (0.3% Triton X-100 
(reduced), 20 mM Tris, 5 mM EOTA, pH 8.5). Samples were shaken for 2 hours at 4'C, followed by another 14.000 
rpm centrifugation for 25 minutes at 4* C. Supernatants (protein extracts) were removed and assayed tor protein 
concentration. Sample extracts were stored at -80* C. The sample extracts were thawed and diluted in Extraction 
Buffer to the desired stock protein concentration. These were then further diuied 1 to 20 In Complete Assay Buffer 
(0.02% Triton X-IOD (reducedl 305 mM K,HP0„ 195 mM KHjPO,, 5 mM EDTA. pH 7.0, 10 hM cardiofipin (Avanti 
Polar Lipids). Forty p\ was added to each weO of a 96-weII microplate (Cosiarl Twenty jxl of partiaBy purified 
swAPP substrate, dButed to 1.05 fig swAPPM in Complete Assay Buffer, was then added to the corresponding welb 
and tha reaction was allowed to proceed in a humidified incubator at 37' C for 24 hours. The reactions were assayed 
for level of t5-l\fTF produced using the p-NTF EUSA as described in Examples 4 and 6. 

The activity based on p-NTF production remaining after irradiation of the frozen HEK233 membrane pellets 
was analyzed by target theory, yielding the molecular weight of tha functional unit i.e., neutral pH activity. Tha 
probabifity of particle collision with the target is described by the Poisson distribution: P(n| - t*-*xninr' where n is 
the number of primary ionizations per motecide when x is the average number of collisions (hits). Since the only 
biological activity which remains after radiation is from molecules which have not been hit, Le. for which n - 0, P{0) - 
(^-x,0|0!'l . ^ x^ average number of hits is therefore given by x - /TO, where 0 is the radiation dose in rads It 
rad * 100 ergs energy absorbed/gm matter). ^ is a constant related to the mass of ihe peptide and also containing 
conversion factors to change units from ergs per gram to hits per datton. The biological activity. Le., level of p-ffTF 
generation surviving after sample irradiation is expressed as a fraction of the activity in non radiated control sample). 
Since each hit in a biochemicalty active unit destroys that unit completely, the probability of no hits (obtained from the 
Poisson distribution) w31 abo be the probabdity of surviving activity. Therefore, if a number of froren samples are 
irradiated with varying doses, the fractional surviving activity is therefore A/Ag - e *^' temperature at which the 
samples were irradiatedl -130*0, W - 1.792 x 1012;r. Based on this calculation the estimated molecular weight of 
the prcten responsible for the neutral pH activity in tha HEK293 cell membrane complex is approximately 35.3 kOa. 



-26- 



wo 00/69262 



PCTAJSOO/13074 



Radiation inaciivatian curves for th» HEK233 membrane complex are shown in Figure 1 1 Panel B. The cdculatei 
moleottar weight of the neutral pH acthfs protem is sigmficantty different from the predicted size of mature 6ACE. 51 
kDa, devoid of lecondarr post tramlatiooal modifications (Vassar ef aL Scfs/ta 265: 735 [1999D 

Repeated experiments produced simitar values for the functional molecular weight of the neutral pH activity. 
iHtemal controls in these studies were proteins of known molecular weight including yeast glucose-6-phosphate 
dehydrogenase (MW *> 102,000: target size - 91,000} and alkafm phosphatase (MW - 57.337; target size • 
57,495}. Each control sample yielded the predicted molecular weight 

To further demonstrate the mofecuiar weight difference between mature BACE and the neutral pH active 
protein, irradiation inactivation experiments were performed under conditioas which should identify BACE. HEK293 
cell membrane extracts were prepared and uridiated as described above. The surviving activity present in the samples 
was assayed at pH 5.3 using the method of Stnha 9f af, Witure 402: 537 11939}) which employs a semi- synthetic 
substrate. This semi-synthetic substrate is a chimeric protein comprissd of the maltose binding protein linked to the C- 
terminal 125 amino acids of pAPP (MBP APPcl 25sw). The sen6ratk)n of the p-NTP equivalent product was 
measured in the treated verses control samples using an EUSA identical to that described by Sinha et af i/tfdi. Based 
on irraifistion inactivation calculations, the molecular weight of the pH5.3 activity was calculated to be 57 J kOa 
which is consistent with the mofecutar weight if BACE determined by amino add sequence. These data are shown in 
Figurs 11 Panel A. 

The functional target size was determined in human brain samples using idemicat mathodotogy. The neutral 
pK target size was found to be appmitmatefy 23,2 kOa as shown in Figure 12 Panel A. The target size for samples 
assayed under conditions for BACE [pH 5.3 using the semisynthetic substrate MBP-APPc125sw} resulted in a 
molecular weight of 60.0 kOa as shown in Figure 1 2 Panel B. From the human brain analysis, it is apparent that the 
neutral pH activity has a different molecular weight from BACE and is substantially unique. 

While the present invention has been described with reference to the specific embodiments thereof, it shouM 
be understood by those skilted tn the art that various changes may be made and equivalents may be substituted 
without departing fron the true spirit and scope of the invention. In additioa many modifications nay be made to 
adapt a particular situation, material composition of matter, process, process step or steps, to the objective, spirit and 
scope of the present invention. AH such modifications are intended to be within the scope of the daims appended 
hereto. 
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WHAT IS CLAIMED IS : 

1 . A method of identifyinQ a compound capatte of altering p-secretase activity, compraing th« 

steps of: 

contacting a (^secretase enzyma having a pH optimum at about pH 6.5-7.0. and an estimated molecular' 
w^ght of about 32-39 IcDa as calculated from radiation inacttvition analysh of KEK293 ceB msmbrano extracts, or 
about 20-26 kOa as calculated from radiaiiofl inactivation analysis of human brain samples, with a candidate 
compound; and 

monitoring the effect of the candidate compound on the activitr of said 3-seaeiase emyme. 

2. The method of claan 1 wherein said p-secretase enzyme is contacted with said candidate 
compound in the presence of a p-amyloid pricursor protein {^??). 

3. The method of claim 2 wherein siid APP is htman. 

4. The method of claim 3 wherein said APP is the 695-amino acid isotype. 

5. The method of claim 3 wherein said APP contains the Swedbh mutation. 

6. The method of claim 1 wherein said P-secretasi inzyma is in isolated form. 

7. The method of claim 1 wherein said p-secretase enzyme is in immobSized ot ceU bound 

form. 

8. The method of daim 1 wherein said p~secreta$o enzyme is contacted with a pturatily of 
can(Sdate compounds. 

9. The method of claim 2 wherein the ability of said candidate compound to alter p-secretase 
activity is monitored by determining the amount of an APP proteolytic product. 

1 0. The method of claim 9 wherein said APP proteolytic product is pNTF. 

11. The method of claim 2 wherein said p-secretaie enzyma is contacted with said candidate 
compound in the additbnal presence of a further p-secretase enzyme having a pH optimum at about pH 4.5-5.0 and an 
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20 



estimated molecular weight of about 50-60 ItOa ss calculatsd from radiation inactivation analysis of HEK293 cell 
membrane extracts or human brain saniples. 

1 2. The method of clamt 1 whereirt said canidate compound inhibits p-secretase activity. 

5 • 

13. The method of claim 11 wherein said candidate compound preferentiaOy inhiblu the 
acttvitf of the P-secretase enjyma havinn a pH optimum at about pH 6.57J). 

'5 14. A method of identtfytng a compound characterized by an ability to alter APP/^seaetase 

1 0 activity, said method comprising the steps of: 

contacting an APP/p-secretasa mixture, isolated from membranes obtained from calls expressing APP 
and a p-seustase, with a candidate compound; and 

monitoring ths effect of the candidate compound on P-seaetaso activity, 
whereh said APPfp-secratase mixture comprises a first p-secretasa enzyme having a pH optimum at about pH 6.57J). 

15 

25 1 5. The method of claim 14 wherein said fust (j-seaetase enzyme has an estimated molecular 

weight of about 32-39 kDa as calculated from ra(fiation inaciivation analysis of HEK293 cell membrane extracts. 

1 6. The mathod of clabn 14 wherein said first p-secretase eniyma has an estimated molacular 
^0 20 weight of about 20-28 kDa as calculated from radiation tnactlvation analYsis of human brain samples. 

17. The method of claim 14 further comprising a second p-secretasa enzyme having a pH 
optimum at about pH 4,5-5.0. 

35 

25 18. The method of claim 14 wherein said second p-secretase enzyme has an estimated 

molecular weight of about 50-60 kDa as calculated from radiation inactivation analysis of HEK293 celt msntbrane 
^ extracts or human braio samples. 

19. The method of claim 14 wherein said candidate compound is characterized by the ability to 

30 inhibrt p-ssaetase activity. 



45 



50 



20. The method of claim 19 wherein said candidate compound preferentiaHy inhibits the 

activity of said first p-secretase enzyme. 
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21. The method of daim 19 wherein said candidate compound prelersntiallv inhibits the 
activity of said $9Cond p-secfetase etuymi. 

22. The method of claim 14 wherein the Bffect of the candidate compound on p-secretase 
actnrity is monitored by determining levels of APP proteolytic products. 

23. The method of claim 22 wherein backgrouDd levels of APP proteolytic products have been 
removed prior to contact with the candidate compound. 

24. The method of claim 14, wherein the levels of APP proteolytic products are determined 
using an antibody thai recognizes a p-secretase-produced APP proteolytic product 

25. The method of claim 24 wherein the antibody selectively recognizes p-rfTf. 

26. The method of claim 25 wherein the antibody is pAb AF-20. 

27. The method of claim 22 wherein before addition of the test compound, the APP/p- secret ase 
nurture is exposed to an agent that alters p-secretsse activity or stabiSzes the detectable p- secret ase-produced APP 
proteolytic products. 

28. The method of claim 27 wherein said agent enhances the level of psecretase activity. 

29. The method of claim 28 whereii said agent is selected from the group consisting of 
cardioRpin, l<x -phosphatidyls erine and l-aphosphatidyltnositoL 

30. A method of identifying a compound characterized by the ability to alter APP psecretase 
activity, said method comprisinQ the steps of: 

providng nirobranes from cells expressing APP and a psecretase; 

removrng background levels of APP Psecretase proteolytic products from said membranes; 

isolating APP/psecretasa mixtures from said membranes; 

contacting the APP/psecrelaso mixtures with e compouoit and 

determining levels of APP psecretase proteolytic products; 
wlieretn said AfT/puaetase mixture comprises a first Psecretase enzyme having a pH optimum at about pH 6.S-7.0, 
and the level of APP proteolytic products is indicative of the effect of the compound on in mo p-secretase activity. 
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31. The method of cla^ 30 whereia said first fVssaetase enzyme has an estimated molecular, 
weight of about 32-39 kOa as calculatad f rom radiation inactivation analysis of HEK293 cell membrane eitracts. 

32. The method of claim 30 wherein said first p-seaetase enzyme has an estimated molecular 
weight of about 20-26 kOa as calculated from radiation inactivation analysts of human brain samplei 

33L The method of daim 30 further comprising a second p-secretase enzyme having a pH 

optimum at about pH 4.S5.0. 

34. The method of claim 33 wherein said second P-secretase enzyma has an estimated 
molecular weight of about 50-60 IcDa as calculated from radiation inactivatbn analysis of HEK293 cell membiane 
extracts or human brain samples. 

35. The method ol claim 30 wherein said candidate compound is characterized by the ability to 
inhibrt ^-secretasi activity. 

36. The method of claim 35 wherein said candidate compound preferentially inhibits the 
activity of said first p-secretase enzyme. 

37. The method of claim 35 wherein said candidate compound prsferentiatly inhibits the 
acthr'rty of said second p-sscretase enzyme. 

38. The method of claim 30, wherein the effect of said candidate cornpound is dotermined by 
comparing the effect with control APPf p-secretase mixture not in contact with the compound. 

39. The method of claim 30Jurther comprising: 
treating the APPfp^secretase mixture to alter p-seeretase activity. 

40. The method ol claim 39, wheren the APP/p-secretase miiture is treated with a compound 
that increases p-secretase activity. 

41. The method of claim 40. wherein the compound that inueases P-secratase activity Is a 

phospholipid. 
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4Z The method of claim 41 wherein the phosphoEpid » selected from the group consisting of 

cardiolipin. l-a-phosphatidykerme and l-a-pbosphalidyHnosilol 

4X The method of daini 30, Further comprising: 

treating the APP/p-setretase mixture with a compound that enhances p-NTF stability. 

44. A method for reducing p^amyloid plaque formation m a subject, comprising admtnistermg a 
compound determined to inhibit p-secretase activity in the method of claim 1 in an amount sufficient to reduce ut rm 
APP p-SQcretase ectiyity. 

45. The method of claim 44. wherein said inbittition results in reduced release of p- amyloid 
peptide in brain tissue: 

46. The method of claim 44 wherein said inhibrtion results in decreased levels of N-terminal 
proteolysis of APP. 

47. The method of claim 44 wherein the P-secrttase activity rs between 3% and 80% batow 

normal 

48. The method of claim 45 wherein the p- amyloid release levels are 20-8DS of normal 

49. The method of claim 44 wharein said compound preferentially inhibits the activity of a p- 
secretase enzyme having a pH optimum at absut pH 6.5-7.0. 

5D. The method of daim 44 whereia said candidate compound preferentially inhibits the 

activity of a p-seaetase enzyme havino a pH optimum at about pH 4.5-5.a 



51. As isolated p-seaetase enzyme having a pH optimum at about pH 6.5-7.0, and an 
estimated molecular wetght of about 32-39 kDi as calculated from radiation inactivation analysis of HEK293 cell 
membrane extracts, or about 20-26 kDa as calcutaied from radiation inactivation analysis of human brain samples. 

52. An APP/p-secreiase tn'uture comprising a p-secretase enzyme having a pH optimum at 
about pH 6.5-7.0. and an estimated molecular, weight of about 32-39 kOa as calculated from radiation inactivation 
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anatysis of HEK293 ceQ membrant extracts, or about 20-26 kDa ai calculated from radiation tnactivation analysis of 
human brain samples. 

51 The mixture of claim 52 funhsr comprising a p-secretase enzyme having a pH optimum at 

about pH 4.5-5.0 and an estimated molecular weight of about 50-60 kDa as calculated from radiation inactivation 
analysis of HEK293 cell membrane extracts or human brain samples. 

54. An inhibitor of ^-secretase enzyme activity identified by any of the methods of claims 1.14 

and 30. 

55. The inhibitor of claim 53 prefarentially inhibiting tho acthrtty of a p-secretasa enzyme 
having a pff optimum at about pH 63-7.0. 

56. The inhibitor of claim 53 preferentially inhibittng tht activity of a p-secrotase enzyme 
having a pH optimum at about pH 4.5-5.0. 
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FIGURE 6A 
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pH profile of P -secretase activity in 
enzyme/substrate complex 
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FIGURE 6B 



pH profile of p -secretase separated on 
mono Q and reconstituted with APP 
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FIGURE ?A 
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Radiation lnactivatk>n Curves of Proposed Distinct p -Secretase 
Enzymes Found in HEK-293 Detergent Extracts 

(A) BACE-IIke protein using MBP-APPc125sw as substrate at pH = 5.3 
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Molecular Weight Determination of Human Brari 
p-SecretasG Actrvrties Using Radiation Inactivatton 



A. Native Substrate Assay: 




Rbdiation Dose (Mrad) 
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B. MBP.APPc12Ssw Assay: 
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